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A
�

bstract. This work presents the role of Gram-negative bacteria endotoxins, pro- and anti-inflammato� ry cytokines
a� nd reactive oxygen species (ROS) in the complex and not fully explained pathogenesis of sepsis. The so-called
“respiratory burst”  of neutrophils and the antioxidant mechanisms of the host are also discu� ssed. The work focuses
o� n possible approaches to the management of sepsis connected with immunotherapy. Neutraliza� tion of endotoxin
lipopolysaccharide (LPS), anti-tumor necrosis factor α (TNF-α)

	
 therapy with monoclonal antibodies or pentox-

ifylline (PTXF), as well as soluble recombinant cytokine agonists and antagonists used in c
 linical trials are taken
i

�
nto consideration. In addition, cytokine manipulation therapy, anti-adhesion techniques, glucocorticoides and

a� ntioxidant barrier interference are also described. So far there has been no immunotherapy�  of sepsis in children
o� f proven clinical efficacy, which prompts an aggressive examination of the immune system aim
 ed at affecting
its function.
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I
�
ntroduction

Sepsis, the systemic inflammatory response to in-
f

�
ection, is a major cause of death of hospitalized pa-

t
�
ients, despite the availability of potent antibiotics, sup-

p� ortive care and advanced medical therapies. The
p� athogenesis of sepsis is complex and its mechanisms
a� re still being elucidated. The discovery of the complex
c
 ytokine cascade resulting from the interaction of
m
 icrobial pathogens with cells of the immune system
has been a major advance. Knowledge of the cytokine
c
 ascade has facilitated the understanding of the basic
m
 echanisms of the immunological and metabolic con-
sequences of infection and has opened new areas of
p� otential therapeutic manipulation.

T
�

he endotoxin of Gram-negative bacteria elicits hu-
moral and cellular defense mechanisms; it activates
c
 oagulation and fibrinolysis, macrophages, neutrophils
a� nd the release of endogenous inflammatory mediators.
The key role in the pathogenesis of sepsis recently has
b

�
een attributed to pro-inflammatory cytokines released

b
�
y numerous cells, including lipopolysaccharide (LPS)-

-activated macrophages. Tumor necrosis factor α
(TNF-α)

	
 and interleukins (IL-1, IL-6, IL-8) are the

m
 ost important factors. LPS released by Gram-negative
b

�
acteria activate metabolic processes in monocytes trig-

g� ering the translation of mRNA for TNF-α and other
c
 ytokines in their cytoplasm. Matrix RNA for all cyto-
kines is constantly present in the cytoplasm and, thus,
t

�
hese appear as soon as few minutes after the activation
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o� f monocytes. I
�
n vivo high concentrations of TNF-α

a� nd IL-1 have been observed after 1–2 h. Activated
monocytes, macrophages and other cells release IL-6
w� ithin several hours. IL-6, IL-1 and TNF-α are respon-
sible for the release of acute-phase proteins (e.g. C-re-
a� ctive protein) during systemic infection. The increased
serum levels of these cytokines were found to correlate
w� ith severity and mortality in the course of sepsis18, 27.

In the first stage of inflammation the activity of
p� ro-inflammatory cytokines is biologically favorable,
a� s they stimulate the non-specific defensive mechan-
isms. The clinical value of these cytokines is of particu-
l

�
ar importance in conditions where they lose their orig-

inal defensive properties and become active against the
h

�
ost’s tissues. A significant role in the pathogenesis of

sepsis is played by TNF-α, which appears as the first
o� f pro-inflammatory cytokines in reaction to the infec-
t

�
ious factor triggering the cytokine cascade. TNF-α,

I
�
L-1, IL-6, and IL-8 released by activated macrophages

may accelerate septic conditions and bring about a fatal
o� utcome caused by uncontrolled immune response to
i

�
nfectious factors. TNF-α can induce oxidative burst in

neutrophils and activate the production of reactive
o� xygen species (ROS) in patients with systemic infec-
t

�
ion4

�
5. Due to the oxidase system of NADPH + H+� ,

w� hich catalyses one-electron oxygen reduction to the
superoxide anion, neutrophils release ROS. An excessive
p� roduction of pro-inflammatory cytokines by activated
macrophages may stimulate neutrophils to an enhanced
g� eneration of ROS, which further leads to tissue damage
a� nd multiorgan failure, i.e. multiple organ dysfunction
syndrome (MODS), in the course of sepsis23, 61.

T
�

he anti-inflammatory mechanisms associated with
t

�
he control of the immune response, elicited to maintain

system homeostasis, involve the release of anti-inflam-
matory cytokines (IL-4, IL-10, IL-13) and soluble cy-
t

�
okine receptors or receptor antagonists2

�
5, 28, 44, 53, 65.

Particular attention is focused on IL-10 and IL-13,
w� hich inhibit the release of pro-inflammatory cyto-
kines, such as TNF-α, IL-1, IL-6, IL-8, by activated
macrophages2

�
8, 34, 41. DOUGHTY et al.10 reported in-

c
 reased IL-10 levels in the blood sera of children with
m
 ultiorgan failure in the course of sepsis, which corre-
lated with IL-6 levels. Other authors have demonstrated
i

�
ncreased levels of soluble p55 TNF-α receptor

(sTNFRI), soluble p75 TNF-α receptor (sTNFRII) and
IL-1 receptor antagonist (IL-1ra), which were found in
e� xperimentally elicited infection44. There have been lit-
e� rature reports on the identification of the inhibitors of
TNF-α, IL-1 and IL-6 along with anti-inflammatory
c
 ytokines in patients with systemic infection2, 19, 28, 34,

4
�

1, 44, 53. The release of anti-inflammatory cytokines

seems to be the initial stage for the further control and
limitation of the immune response in these patients19, 34.

Respiratory Burst

T
�

he evaluation of neutrophil oxidative burst during
sepsis was a subject of controversy. LLOYD et al.3

�
3 were

t
�
he first to demonstrate an increased hydroxyl radical

g� eneration in vivo in patients with sepsis. However, the
studies performed by VESPASIANO et al.5

 
9 implied that

a�  decrease in neutrophil oxidative burst and decreased
R

!
OS generation is observed in particularly serious

c
 ourses of sepsis, often complicated by endotoxemic
shock. DR

"
OSSOU et al.12 also observed decreased oxida-

t
�
ive metabolism in neutrophils in children with serious

infection. Our own results concerning the decreased
o� xidative burst of neutrophils in children prior to sepsis
t

�
herapy, which correlated with an increased serum con-

c
 entration of sTNFRI before the treatment and with an
i

�
ncreased expression of the p75 TNF-α receptor, should

b
�
e explained by the prolonged stimulation with bacteri-

a� l antigens and the functional exhaustion of neutrophils
in the course of serious systemic infection. Moreover,
o� ur studies may confirm the thesis of IL-1 as a potent
regulator of immune response in vivo in children with
a�  serious course of sepsis with decreased oxidative me-
t

�
abolism in neutrophils5

 
2.

A
�

nti-Oxidative Mechanisms

T
�

he damaging activity of pro-inflammatory cyto-
kines is counterbalanced (i.e. anti-inflammatory cyto-
kines are produced and soluble receptors for these cy-
t

�
okines and inhibitors of cytokines are released into the

b
�
lood stream), and, at the same time, antioxidative

mechanisms are activated. These are, among others, the
i

�
nactivation of ROS by increasing the activity of

e� nzymes – the so-called first-order antioxidants, for
e� xample supraoxide dismutase, catalase, and gluta-
t

�
hione peroxidase. However, in generalized sepsis these

m
 echanisms are not sufficient and, as a result, tissues
a� re damaged by ROS and the development of MODS22, 65.
I

�
n the course of sepsis, decreased concentrations of sec-

o� nd-rate antioxidants (tocopherol, retinol, β-carotenes)
have also been observed which prevents the amplifica-
t

�
ion of free radicals in the sera of these patients21. Thus,

i
�
ncreasing the enzymatic activity of the first and sec-

o� nd-rate antioxidants may be therapeutically important
i

�
n limiting damage to tissues and multiorgan failure in

t
�
he course of sepsis.
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T
$

reatment

The standard treatment of sepsis and septic shock
c
 onsists of antibiotics, surgical treatment of the inflam-
matory focus, monitoring of the patients in intensive
c
 are units, normalization of metabolic disturbances, and
p� roper nutrition. It should be noted that although anti-
b

�
iotics are key to the specific control of infection, their

a� dministration may result in signal enhancement in
t

�
ransduction pathways and an initial burst of cytotoxic

mediators, damaging to the host. The possibility of
modifying the immunological reaction has become an
a� ttractive challenge for many scientists in their studies
o� n sepsis. It appeared that modification of the activity
o� f one cytokine did not lead to the expected results in
t

�
he majority of cases, probably due to the complex

c
 haracter of the cytokine cascade. The standard treat-
ment of sepsis fails when cells become damaged by
b

�
acterial toxins and when endogenous inflammatory

mediators, such as pro-inflammatory cytokines, reac-
t

�
ive oxygen species or nitric oxide are released.

T
�

hus, new strategies in the treatment of sepsis and
septic shock have been directed towards neutralization
o� f the bacterial toxins and endogenous inflammation
m
 ediators. Numerous attempts at an immunomodula-
t

�
ion of the cytokine cascade have been undertaken by

u� sing endogenous antagonists of cytokines and anti-in-
flammatory cytokines7

%
, 15, 17, 18, 32, 35, 37. Also, numerous

e� xperimental studies have used monoclonal antibodies
a� gainst endotoxin or lipid A and against pro-inflamma-
t

�
ory cytokines (TNF-α, IL-1, IL-6, IL-8), which block

t
�
he receptors and attempts at inhibition of the synthesis

o� f some mediators of inflammation (e.g. NO) have also
b

�
een undertaken5

 
, 16, 39, 46, 48, 54, 56, 58. Due to the signi-

ficant role played by ROS in the pathogenesis of sepsis,
studies on the application of free oxygen radical
scavengers (for example of supraoxide dismutase) to
limit the damage to tissues and organs have been at-
t

�
empted22. These therapeutic methods are still in the

first stage of clinical study, and the results of experi-
ments on animals are not encouraging. There have also
b

�
een attempts at changing the response of neutrophils

i
�
n the course of sepsis and septic shock by application

o� f growth factors for granulocytes (G-CSF)11, 40.

Anti-Endotoxin Therapy

R
!

elease of a specific endotoxin from Gram-negative
b

�
acteria is thought to be the first event in the initiation

o� f the sepsis cascade. This endotoxin initiates the re-
lease of a wide variety of inflammatory mediators.

T
�

hus, a reasonable therapeutic approach would involve
e� nhancing the elimination of such bacterial products.
An experimental study by MCC

&
ABE et al.3

�
8 suggested

t
�
hat antibodies directed towards epitopes in the inner

c
 ore-sugar region of the LPS are highly protective and
c
 ould be used to treat or prevent infections. Other clini-
c
 al trials with either polyclonal antisera or plasma were
p� erformed later and demonstrated a reduction of mor-
t

�
ality in patients with Gram-negative infection or a sig-

n' ificant prevention of shock and death due to these
p� athogens3

�
. However, these anti-serums have not been

a� pplied on a wider scale, for various reasons (e.g. lack
o� f standardization, the risk of transmission of infection,
a� nd the high number of necessary donors).

I
�
n other studies, purified immunoglobulin (Ig) prep-

a� rations were used. In one study with anti-core intraven-
o� us immunoglobulins (IVIG), patients at high risk of post-
surgical infection were given IVIG, an IgG preparation
e� nriched with anti-Re LPS antibodies (Re-IVIG), or
a�  placebo. The mortality rate did not significantly differ
a� mong the three groups9

(
. It seemed that polyclonal anti-

e� ndotoxin antiserum exerted some effect via an unknown
mechanism, although studies with purified IgG failed to
c
 onfirm any specific effect.

Subsequent clinical investigations examining mono-
c
 lonal antibodies (MoAbs) to endotoxin were formu-
l

�
ated. Two MoAbs, the human IgM HA-1A (Centoxin)

a� nd the murine IgM E5 (Xomen), have been studied in
p� atients. HA-1A was studied in two placebo-controlled
c
 linical trials. Patients with Gram-negative sepsis
showed significantly reduced mortality following HA-1A
t

�
reatment (30%) versus placebo (49%) and results with-

i
�
n the subgroup of patients who developed septic shock

w� ere even more favorable6
)
4. However, in the second

t
�
rial no difference was noted between the treatment and

p� lacebo groups3
�

9. Numerous points of controversy were
subsequently raised, including the fact that the epitope of
c
 ore endotoxin was not characterized precisely at the time
o� f these clinical investigations, that the mode of action of
a� nticore endotoxin monoclonal antibodies was unclear,
a� nd, finally, that this approach was extremely expensive.

O
*

ther studies have examined the role of naturally oc-
c
 urring endotoxin antibodies (EndoCAbs) and their corre-
lation with outcome in septic patients. GOLDIE et al.20

r+ evealed that IgM EndoCAb levels correlated negatively
w� ith 28-day mortality in septic patients and that IgG En-
d

,
oCAb depletion was predictive of mortality.

A
�

nti-TNF Therapy

T
�

NF-α is a potent pleiotropic cytokine active in
host-defense inflammation and cell death. TNF-α plays

S
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t
�
he main pathogenic role in sepsis and septic shock. The

b
�
iological activity of TNF-α is mediated by the cross-

-linking of membrane-bound receptors which exist in
t

�
wo isoforms: TNF receptor I (TNFRI, p55) and TNF
receptor II (TNFRII, p75)4

�
. The extracellular domains

o� f both receptors can be shed such that the soluble
f

�
orms retain their ability to bind to TNF-α and neu-

t
�
ralize its activity, thus limiting acute TNF-α-induced

e� ffects14.
T

�
herapy with antibodies against endotoxin may

p� rove successful in sepsis caused by Gram-negative
b

�
acteria. In cases of other etiology elimination of the

d
,
amaging effect of TNF-α h

�
as been attempted. How-

e� ver, anti-TNF-α strategies have so far failed to be of
c
 lear benefit in studies on human sepsis despite favor-
a� ble predictions based on animal models24. The reasons
w� hy these outcomes have been difficult to predict are
d

,
ue to the complexity of the molecular structure and

f
�
unction of TNF-α and the extraordinary diversity of

its biological activities. Also, the time span from the
e� xposition to pathogens to the administration of anti-
b

�
odies is important. Thus, good therapeutic effect

should be expected when anti-TNF-α antibodies are
a� dministered shortly before, or directly after, the initia-
t

�
ion of the cytokine cascade triggered by the develop-

ment of sepsis. It is known that serum TNF-α levels
i

�
ncrease when animals or humans are given endotoxin.

Similarly, elevated levels of TNF-α are often observed
in patients with sepsis18, 25, 27, 52. It is thought that this
c
 ytokine may be the mediator of the hypotension, diss-
e� minated intravascular coagulation and organ failure
o� bserved during sepsis. The hypothesis that neutraliza-
t

�
ion of TNF-α in such patients might prevent or reverse

some of the detrimental findings has been tested using
MoAbs which block TNF-α.

In the past decade a number of clinical trials were
c
 onducted using anti-TNF-α monoclonal antibodies –
c
 A2 (Centocor) or TNF receptor – IgG (TNFR p55 IgG
F

-
c) fusion protein constructs or “ immunoadhesins”  to

t
�
reat patients with a diagnosis of presumed sepsis6

)
2. In

a�  series of phase I and II trials, cA2 was administered
t

�
o patients with a diagnosis of presumed sepsis in two
l

�
arge studies1, 16. There were no major differences in

a� dverse events, and the difference in mortality between
t

�
hose receiving a placebo (62%) versus those receiving
c
 A2 (37%) was not statistically significant. Thus, the
role of TNF-α as a major mediator of organ damage
a� nd tissue injury in sepsis has not been formally proven
b

�
y these clinical studies, and it is possible that the sim-

u� ltaneous blockade of other mediators may be necess-
a� ry to reveal the clinical benefit of blocking TNF-α.

Two basic mechanisms of action have been pro-

p� osed for cA2. In the first, complexing of soluble TNF-α
w� ith cA2 leads to the loss of TNF-α bioactivity and
d

,
ownregulation of the downstream inflammatory

e� vents. In the second, binding of cA2 to transmembrane
TNF-α results in the destruction of TNF-α-producing
c
 ells by Fc-mediated mechanisms, leading to a reduc-
t

�
ion in inflammatory and immune cell numbers.

P
.

entoxifylline

Recently, the immunomodulatory activity of pen-
t

�
oxifylline (PTXF) has been the focus of more and

more attention. LAUTERBACH and ZEMBALA3
�
0 demon-

strated that this drug decreased the concentration of
T

�
NF-α i

�
n the blood serum of premature newborns in

t
�
he course of sepsis, increasing their survival. Other

researchers reported an inhibitory effect of PTXF on
t

�
he production of TNF-α i

�
n experimental studies on

a� nimals3
�

1. ZENI et al.6
)

3 showed that PTXF decreased the
c
 oncentration of TNF-α p� resent in the blood stream
(without affecting the concentration of IL-6 and IL-8)
in patients with septic shock. It seems that PTXF may
b

�
e a promising new agent in the sepsis syndrome ther-

a� py. However, a multicenter clinical study is needed to
e� valuate the efficacy of this drug in terms of survival
i

�
n patients with severe sepsis.

O
*

I
/
SMULLER et al.43 demonstrated that PTXF admin-

istered intravenously was able to reduce granulocyte
respiratory burst activity in patients fulfilling the estab-
l

�
ished criteria of sepsis. Other authors observed that in

t
�
he presence of PTXF, TNF-α and recombinant human

g� ranulocyte-colony stimulating factor (rhG-CSF) were
u� nable to stimulate respiratory burst activity of the neu-
t

�
rophil13. These results suggest that by blocking the in-

flammatory action of TNF-α on neutrophils, PTXF
m
 ay diminish endothelial damage caused by inhibited
neutrophil chemotaxis.

Cytokine Agonists and Antagonists

A
0

nother direction of research is the application of
recombinant soluble receptor for TNF-α, which would
b

�
ind the excess of this cytokine in body fluids. How-

e� ver, the promising results of experimental studies have
not been confirmed in clinical studies. A phase II blind,
randomized trial with recombinant human dimeric p75
T

�
NF receptor was conducted in patients with sepsis

syndrome; enhanced mortality was observed in the
g� roup treated with high doses (53%) versus the placebo
g� roup (30%)5

 
0. This suggests that anti-cytokine therapy
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n' eeds to be approached with care, because of possible
harmful effects.

Recently, the effect of treatment with rhG-CSF on
t

�
he neutrophil count and function of pre-term neonates

w� ith documented sepsis has been investigated11. The
a� uthors revealed that the administration of rhG-CSF to
septic neonates significantly increased the absolute gra-
nulocyte count and enhanced the neutrophil respiratory
b

�
urst and β2 integrin expression.

T
�

he IL-1ra is a naturally occurring protein that
b

�
inds to human IL-1 receptor but has no agonist activ-

ity. In the presence of IL-1ra, IL-1 cannot bind to its
r+ eceptor and cannot exert its pro-inflammatory activity.
Elevated IL-1ra levels were also found in pediatric sep-
sis syndrome5

 
1. The IL-1ra level was more than 1000

t
�
imes higher than the IL-1β level: a concentration

known to block IL-1 receptors. Thus, an additional
b

�
enefit from exogenous IL-1ra therapy would be ques-

t
�
ionable. However, the authors think that further studies

a� re indicated to determine whether there is a population
o� f patients with sepsis who could benefit from the ad-
m
 inistration of exogenous IL-1ra.

Cytokine Manipulation Therapy

A
0

 potentially beneficial role of IL-10 in the pa-
t

�
hogenesis of various infectious diseases has been sug-

g� ested by a number of studies using animal models. In
healthy volunteers subjected to experimental endotoxe-
m
 ia, IL-10 reduced the LPS-stimulated e1 x vivo produc-
t

�
ion of the pro-inflammatory cytokines TNF-α, IL-1β,

I
�
L-6 and IL-87

%
, 17.

MANCUSO et al.3
�

5 revealed that either prophylacti-
c
 ally or therapeutically administered recombinant IL-12
(rIL-12) significantly improved survival time in ex-
p� erimental neonatal sepsis caused by group B strepto-
c
 occi (GBS). They postulated that rIL-12 was
a�  possible candidate for the treatment of GBS sepsis.

MATSUKAWA et al.3
�

7 elucidated the role of endogen-
o� us IL-13 in a murine model of septic peritonitis. They
o� bserved that IL-13 blockade with anti-IL-13 anti-
b

�
odies significantly decreased the survival rate of mice

from 53 to 14% on day 7, compared with the control.
T

�
hus, endogenous IL-13 protected mice from lethality

in this experimental study by modulating inflammatory
responses via the suppression of an overzealous pro-
d

,
uction of inflammatory cytokines in tissues. Although

t
�
he in vitro anti-inflammatory effects of IL-13 and IL-10
a� re fascinating, we must await more in vivo studies of
t

�
hese cytokines before their manipulation becomes

p� ossible or practical in septic patients.

N
2

O has been implicated as the major cause of the
p� rofound vasodilation and hypotension associated with
sepsis and trauma23, 65. An inducible form of NO syn-
t

�
hetase (NOS) is expressed in response to various

stimuli, including bacterial endotoxin. NG
3
-nitro-L-ar-

g� inine methyl ester (L-NAME) and NG
3
-monomethyl-L-

-arginine (L-NMMA) are competitive inhibitors of
N

2
OS and have been studied in experimental sepsis and

humans with septic shock. Since NO plays an important
r+ ole in the bactericidal activity of neutrophils, modula-
t

�
ion of its synthesis could be detrimental to the infected

host. Thus, other investigators have attempted to modu-
l

�
ate the effects of NO by inhibiting soluble guanylate

c
 yclase through the use of methylene blue. This repre-
sents another potential therapeutic approach to counter-
a� ct excessive NO production during sepsis47.

A
�

nti-Adhesion Techniques

T
�

he inhibition of neutrophils by agents, which in-
h

�
ibit adhesion of these cells to tissues, may become

a� nother possibility in the management of sepsis. Mono-
c
 lonal antibody 1B4 directed against CD18 integrins
p� revented tissue damage in a rabbit model5

 
7. Recently,

it was shown that peptides derived from the FHA re-
g� ion binding to CD11b/CD18 inhibited adherence and
t

�
ransendothelial migration of neutrophils in vitro and

p� revented recruitment of leukocytes into the cerebros-
p� inal fluid in an experimental model of meningitis in
r+ abbits4

�
9.

G
4

lucocorticoides and Antioxidant Barrier
Manipulation

M
5

echanisms regulating the activity of antioxidative
e� nzymes have been extensively studied. It seems that
a� mong the mechanisms of protein and enzyme syn-
t

�
hesis, the regulation of the transcription rate of genes

p� lays a fundamental role6
)

0. The mechanism of activity
o� f corticosteroides is probably connected with the acti-
v6 ation of promotors for the transcription of many anti-
o� xidative enzymes. Corticosteroides have been implied
i

�
n the inhibition of mRNA degradation or activation of

t
�
ranslation4

�
2. Also, the place of binding of the complex

steroid-receptor to DNA has been the subject of study.
It has been demonstrated that within the gene for supra-
o� xide dismutase there are places similar to those acti-
v6 ated by glucocorticoides26. It is thus possible that glu-
c
 ocorticoides activate the transcription of the gene for
supraoxide dismutase at these regions. Glucocorti-

S
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c
 oides also inhibit the production of cytokines, for instance
b

�
y decreasing the transcription rates of the genes for IL-6

a� nd IL-1 and the stability of the corresponding mRNA8.
D

7
espite the completion of multiple animal and

human trials, the use of dexamethasone adjuvant ther-
a� py in patients with sepsis (meningitis) remains one of
t

�
he most debated topics in modern pediatrics and this

kind of treatment is still controversial.
Due to the important role played by reactive oxygen

species in the pathogenesis of sepsis, studies on the
a� pplication of first and second rate antioxidants in the
t

�
reatment of generalized infections are still being con-

d
,
ucted. Antioxidant defenses may be compromised in

sepsis, so enhancement of the antioxidant barrier activ-
i

�
ty may turn out to be the best approach. Literature

r+ eports suggest that these methods of treatment are still
in the first stage of clinical study, and that the results
o� f e1 x vivo experiments and the trials on animals are not
n' umerous and cannot be applied to humans3

�
6, 55.

Conclusions

A large variety of new approaches are being formu-
l

�
ated for the treatment of sepsis. A number of these
strategies are being tested in clinical trials. Due to the
f

�
act that cytokines play both a pathogenic and a protec-

t
�
ive role in sepsis, immunotherapy directed at their neu-

t
�
ralization will probably not be the key to success. Un-

fortunately, our knowledge of the pathogenesis of
sepsis remains incomplete, and further studies directed
a� t the elucidation of it will lead to the development of
n' ew therapeutic methods. Besides this, the true nature
o� f the immune system in vivo must be better understood
b

�
efore any precise clinical manipulation is possible.
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