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Pathological conditions, such as cancers, viral infections, and autoim-
mune diseases, are associated with abnormal cytokine production,
and the morbidity associated with many medical disorders is often
directly a result of cytokine production. Because of the absence of
negative feedback control occurring in some pathophysiologic situ-
ations, a given cytokine may flood and accumulate in the extracellular
compartment of tissues or tumors thereby impairing the cytokine
network homeostasis and contributing to local pathogenesis. To
evaluate whether the rise of anti-cytokine Abs by vaccination is an
effective way to treat these pathological conditions without being
harmful to the organism, we have analyzed each step of the cytokine
process (involving cytokine production, target response, and feed-
back regulation) and have considered them in the local context of
effector–target cell microenvironment and in the overall context of
the macroenvironment of the immune system of the organism. In
pathologic tissues, Abs of high affinity, as raised by anti-cytokine
vaccination, should neutralize the pool of cytokines ectopically accu-
mulated in the extracellular compartment, thus counteracting their
pathogenic effects. In contrast, the same Abs should not interfere
with cytokine processes occurring in normal tissues, because under
physiologic conditions cytokine production by effector cells (induced
by activation but controlled by negative feedback regulation) does
not accumulate in the extracellular compartment. These concepts are
consistent with results showing that following animal and human
anti-cytokine vaccination, induction of high-affinity Abs has proven
to be safe and effective and encourages this approach as a pioneering
avenue of therapy.

Cytokines normally exert their biological activities within the
context of a cytokine network to maintain homeostatic mech-

anisms particularly relevant to the generation of immune reactions,
inflammatory processes, remodeling of tissues, hemopoiesis, and
angiogenesis. Imbalance in cytokine production or cytokine recep-
tor expression andyor dysregulation of a cytokine process provide
the basis for generating pathological disorders. This study focuses
on the rationale of using vaccines against different cytokines in an
attempt to control these pathologic events.

Cytokines and Cytokine Network: Pivotal in the Functioning of
the Immune System
Parenchymal and stromal cells of various tissues communicate by
means of cell-membrane contacts but also by means of soluble
factors, especially cytokines. These signals released by the cells
are short-range ones and control cell growth, differentiation cell
death, and effector functions, including the secretion of other
cytokines, as is evident for immune cells, T and B lymphocytes,
and antigen-presenting cells, for which cytokines represent the
key signals ruling over the various steps of immune reactions (1).

Cytokines comprise a family of proteins that include those
called ILs, lymphokines, monokines, IFNs, and chemokines (2).
Cytokines are characterized by a short half-life, local (autocriney
paracrine) signaling activity, and rarely systemic signaling [tumor
necrosis factor (TNF)-a, IL-1, and IL-6, as observed in septic
shock]. Like polypeptide hormones, cytokines are recognized by
specific receptors present on the surface of target cells. In

contrast with hormones, however, their targets and effects are
highly pleiotropic and redundant (3). Moreover, although spe-
cific hormones are secreted by specialized cell types, each of
these being anatomically localized in one endocrine gland,
individual cytokines are produced by different types of effector
cells. These include blood cells such as lymphocytes, natural
killer cells, and antigen-presenting cells. Cytokine-producing
blood cells circulate from one tissue to another. The cell
migration in part accounts for the overall interdependency of
cytokines. The interdependency of these regulatory signals is
displayed also at the level of individual tissues, because the
release of a particular cytokine by effector cells depends on
microenvironmental stimuli among which signals are mediated
by other cytokines. Consequently, the complex physiologic ho-
meostasis taking place in the tissues is coordinated by the
cytokine network, which is a set of interdependent regulatory
cytokines and their corresponding receptors (3).

Cytokine Process: Cytokine Production, Effects, and Regulation
Production of an individual cytokine by an effector cell is usually
not constitutive but is rather elicited by various stimuli such as
viral or bacterial components, protein antigens, mitogens, and
other cytokines. Under physiological conditions, activated ef-
fector cells trigger a transient but composite reaction. Viewed at
a single effector (E) cell level, the composite reaction taking
place in a tissue includes the activated E cell, the surrounding
extracellular matrix (ECM), and target cells. The reaction con-
sists of three successive stages (Fig. 1).

Step 1: Cytokine Production by Activated Effector Cells. On activa-
tion, an effector cell is the site of cytokine gene transcription and
cytokine synthesis. The cytokine transported to the cell membrane
via Golgi microvesicles (4) is not stored into granules but contin-
uously released into the juxtaposed ECM as long as it is synthesized.
Indeed, cytokine release is transient. For example, in vitro release
of IL-2 by phytohemagglutinin (PHA)-activated human T cells
starts a few hours after stimulation and may last 48 6 24 h,
depending on the experimental conditions. In mice, after (bacte-
rial) lipopolysaccharide (LPS) activation, Kupffer cells coating the
liver sinusoids transiently release inflammatory cytokines. TNF-a is
produced first after 1 h, IL-1b is produced after 3 h, and IL-1a is
produced after 6 h. The release drops very rapidly for TNF-a; it
drops after 6 h for IL-1b and after 18 h for IL-1a (5).

Step 2: Cytokine–Receptor (C–R) Binding and Target-Cell Response.
The half-life of a released cytokine is very brief, generally lasting
only minutes. During this period, the cytokine crosses the
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effector–target (E–T) microinterval (made of the ECM) and
binds to specific membrane receptors constituted most often by
di- or trimeric polypeptide chains borne by neighboring compe-
tent target cells. Competence is related to expression of recep-
tors that depend on genetic and microenvironmental factors. For
instance, in Leishmania major-infected C3H mice (H2k), the
production of IL-12 by natural killer cells triggers a T cell helper
(TH)1 response on antigen-activated CD4 cell targets that
express IL-12 b1 and b2 receptors. By contrast, infected BALByc
mice (H2d)—whose Leishmania antigen-activated CD4 cell tar-
gets do not respond to IL-12 because of different receptor
regulation—develop a TH2 response (6).

C–R binding chiefly depends on the binding affinity value, which
is generally high (see Turnover Rates and Binding Affinity of Target
Receptors vs. Lymph Abs). The kinetics of C–R binding can be
influenced by other factors also, including ECM components such
as fibronectin, collagen IV, laminin, glycosaminoglycan, and other
matrix substrates and serum proteins such as soluble receptors,
receptor antagonists, immunoglobulins (including specific Abs),
immune complexes, macroglobulins, and proteases—all of which
may be present in the slow-circulating scarce lymph that moistens
the ECM microinterval.

The target-cell response is initiated when a sufficient amount
(a quantum) of cytokines has bound to the receptors. C–R
complexes activate a cascade of metabolic processes in the
competent target cell(s), involving cell membrane modulation
with C–R complex internalization and receptor amplification (7,
8), transducing signals, transcription, protein synthesis, and,
ultimately, changes in target-cell physiology. As long as C–R
binding stimuli are produced, target cells develop their response.

Step 3: Down-Regulation of Cytokine Production and Receptor Ex-
pression. Cytokine production is discontinued by negative feed-
back mechanisms after the target-cell response. In most cases,
cytokine synthesis is switched off at the transcriptional level as
a result of a cascade of as yet ill-characterized cellular endoge-

nous reactions, but initiated by autocrineyparacrine target sig-
nals. These signals include the cytokine itself, acting in a negative
feedback autocrine loop, as for IFN-a (9) and IL-10 (10) or,
alternatively, paracrine inhibitory factors, among which are
other cytokines triggered by or derived from the cytokine
process itself. Thus, IL-4 turns off IL-12 production by means of
antigen-presenting cells or natural killer cells (11) and, recipro-
cally, IL-12 turns off IL-4 secretion by means of TH2 cells (12).

Parallel with the cytokine negative feedback control, there is
usually a down-regulation of the corresponding receptors most
likely resulting from the disappearance of C–R-binding stimuli.
Cytokines are released no longer by E cells into the ECM, and
residual cytokines rapidly lose their stimulating capacity because
of their short half-lives. It is noteworthy that in some instances,
other factors contribute to the negative regulatory process in the
target cell such as in soluble receptors shed by the target cells
found for IL-1-, IL-2-, IL-4-, IFN-g-, and TNF-a-induced reac-
tions (13), and these receptors compete with membrane recep-
tors for cytokine binding. Receptor antagonists may be released
by effector cells also, such as IL-1Ra (14). The latter are devoid
of agonistic effects but compete with effective cytokines for
binding to target receptors.

Natural Anti-Cytokine Abs
Circulating anti-cytokine natural Abs are generally present in the
sera of healthy individuals, although at low levels. Although they
are detected most often at background levels by ELISA, they can
be purified by affinity chromatography. In a study of 200 healthy
individuals, anti-IFN-a autoAbs were isolated from the sera of
all subjects (15). Natural Abs directed to other cytokines,
including IL-6, IL-1, and IFN-g, were isolated also (16, 17).
These results are not surprising because, in contrast to T cells,
anti-cytokine Ab-producing B cells have not been selected
negatively and are still present albeit silenced (self-ignorance;
ref. 18). The capacity to raise anti-cytokine Abs in response to
pathophysiologic events is restricted given the absence of cor-
responding TH cells.

In patients undergoing treatment with cytokines, the specific
Ab levels are increased only slightly. This is the case, for example,
in patients receiving IFN-a therapy. Nonetheless, in these sub-
jects, the presence of autoAbs was not associated with any
notable effect (19). Also in patients infected with HIV-1, higher
than normal circulating anti-IFN-a Abs are found (20). In these
patients, the increase of autoAbs is likely related to the B cell
polyclonal activation associated with HIV-1 infection, and they
are at low levels and again without apparent notable effects.

Reasons for the Negligible Effects of Anti-Cytokine Abs on
Cytokine Processes Under Physiologic Conditions
Negative Feedback Regulation of Cytokine Production in ECM Envi-
ronment with Slow Lymph Flow. During a cytokine process occur-
ring in a tissue, anti-cytokine Abs in the stroma may be locally
antagonistic to cytokines. Although competing with target re-
ceptors for binding cytokines, these Abs do not actually affect the
local reactions under physiologic conditions. This conclusion is
documented by in vivo experiments (21, 22). Anti-epidermal
growth factor (EGF)-immunized adult rats were unaffected by
the induction and presence of high-affinity autoAbs, and the
EGF-containing organs did not show any histologic signs of
inflammation or tissue damage (21). Also, high affinity neutral-
izing anti-IL-1 autoAbs elicited by active immunization proved
to be fully innocuous in mice (22).

Free Abs are renewed poorly in the stromal compartment of
a tissue under physiologic conditions because of the negligible
lymph turnover flow, and they do not exercise any effect on
cytokine processes because of the negative feedback control of
cytokine production, which is turned off when the target-cell
reaction has been effective (Fig. 1). As discussed in Turnover

Fig. 1. Cytokine process in normal (A) and vaccinated (B) subjects under
physiological condition. Cytokines (●) produced by E cells after activation (➘)
initially may form immune complexes with ECM Abs (t1) and trigger a target
cell (T; t2 and t’2). After T-cell response (✖), negative feedback down-regulates
the cytokine process (cytokine synthesis and target receptor expression; t3 and
t’3). Note that natural Abs (Y) or vaccine-induced Abs of high affinity (YY),
complexed with the cytokine, delay the process for only a few minutes.
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Rates and Binding Affinity of Target Receptors vs. Lymph Abs, the
poorly renewed lymph Abs, by binding cytokines (Fig. 1 A), may
minimally delay (a few minutes) but do not hamper the homeo-
statically regulated cytokine processes that last for hours (5).
This also seems to be the case for high-affinity Abs (Fig. 1B) that
were raised after vaccination (21, 22).

Turnover Rates and Binding Affinity of Target Receptors vs. Lymph
Abs. The competition between receptors (R) and Abs for binding
the same cytokine (C) in the ECM microenvironment is gov-
erned by the mass action law according to the following double
equilibrium:

@C–R#-|0
(Step 1)

@R# 1 @C# 1 @Ab#-|0
(Step 2)

[C–Ab]. [1]

During a cytokine process, the equilibrium (step 1) [C–R]^ [R]
1 [C] at the target membrane side is likely to be displaced toward
C–R complex formation because of the rapid turnover of free
receptors and the rapid internalization of C–R complexes. On
the other hand, the equilibrium (step 2) [C] 1 [Ab] ^ [C–Ab]
is likely reached in minutes and should change only slightly
because of the slow turnover of the scarce lymph moistening of
the ECM (Fig. 1). As a consequence of the different turnover
rates of receptors and Abs, the equilibrium is shifted to the left
along the course of the cytokine reaction, favoring cytokine
binding to membrane receptors.

The equilibrium shift to C–R complexes is promoted further
by the higher cytokine-binding affinity of receptors compared
with that of Abs. During the course of an immunization, the
dissociation constant (Kd) of Abs, as measured by immunopre-
cipitation of radiolabeled antigen, f luorescence transfer, or
ELISA, varies from 1027 to 10210 M (23, 24), whereas that of
receptors during cytokine processes varies from 10210 to 10212

M (5, 25–33). More precisely, the Kd of high-affinity receptors
are in the range of 1–10 pM for vascular endothelial growth
factor (25), 10–50 pM for IL-2 (26), IL-12 (27), TNF-a (28), IL-6
(29) and transforming growth factor (TGF)-b (30), and 100–500
pM for IL-1 (5), IL-4 (31), IL-10 (32), and IFN-a (33), vs.
100–100,000 pM for Abs (23, 24).

Dysregulation of Cytokine Production
Cytokines may be produced continuously when regulatory feed-
back circuits are not functioning in E cells, as may occur in
cancer- or virus-infected cells, when genetic changes vicariously
turn on cytokine-promoter genes (Fig. 2). For example, the
immunosuppressive TGF-b cytokine is expressed abnormally by
freshly isolated cells (34–36) and cell lines (37, 38) from tumors
including ovarian cancer and uterine cervix carcinoma. The
potentially immunosuppressive IL-10 is overexpressed likewise
by freshly isolated cells (36, 39) and cell lines (40) from various
cancers. The proinflammatory IL-6 is produced aberrantly by
fresh tumor cells also (41, 42). Fas ligand is produced by isolated
primary cells from human colon, lung, and esophageal cancers
(43–45). Finally, angiogenic vascular endothelial growth factor
is released in culture supernatants of freshly isolated primary
cells from malignant tumors (46–48). In patients infected with
HIV-1, fresh cells from Kaposi sarcoma tumors overexpress
proinflammatory cytokines including IL-6, IL-1, TNF-a, and
IFN-g (49, 50).

Continuous release of a cytokine in the absence of controlled
regulation results in a flood of the signal molecule and its
subsequent accumulation in the ECM (Fig. 2). Under impaired
negative feedback, several cytokines [including IFN-a (51)] that
are barely detectable in normal serum given their short half-lives,
untimely may be overproduced by a tissue or a tumor and found
at abnormally high concentrations in the serum. This is the case

met with patients with AIDS in whom HIV-1-induced dysregu-
lation of IFN-a production (52) is associated with high titers of
the circulating cytokine (53).

The dysregulated cytokine overproduction may lead to a
cytokine network homeostatic imbalance in the local concerned
tissue, resulting in absence or excess of other regulatory signals.
This seems to be the case in various pathologies including AIDS
and cancer. Uncontrolled release by cancer cells of signaling
factors could untimely activate immune andyor endothelial
stromal cells in the malignant tissue. The resulting induction of
undesirable cytokines by these stromal cells may locally impair
the cytokine network in the tumor and favor the establishment
of immune suppression and neoangiogenesis, features charac-
terizing the cancer cell’s microenvironment. Angiogenic pro-
cesses may be triggered by vascular endothelial growth factor
(54) and by inflammatory cytokines (TNF-a, IL-1, IL-6, or
IFN-g) that are overproduced by cancer or stromal cells in
malignant tumors (55, 56). Overproduction of TGF-b by tumor
cells (34–38) may result in local T cell anergy and inhibition of
cellular immune response, i.e., immune escape of cancer cells
(Fig. 2 A). Also, apoptosis of immune T cells occurs as a
consequence of the abnormal production of TNF-a or Fas ligand
(57) from malignant tumors, which may diminish further the
immune control of the tumor cells.

Anti-Cytokine Abs and Cytokine Processes in
Pathologic Tissues
Considering their low levels and the inability of organisms to
mount an effective anti-cytokine immune response under nat-

Fig. 2. Effects of vaccination against immunosuppressive cytokines on tumor
cell growth. Cancer cells may constitutively release immunosuppressive cyto-
kines (d), including TGF-b (34–36) or IL-10 (39), which accumulate in the
extracellular compartment. (A) Natural Abs (Y) present in ECM cannot contain
the accumulated cytokine (no. 1), stromal T lymphocytes are anergized, (no.
2), and cancer cell growth occurs (no. 3). (B) High-titer and high-affinity Abs
(YY), triggered by an appropriate anti-cytokine vaccine, neutralize the sup-
pressive signal and block its effects (no. 1). T lymphocytes may be activated
spontaneously by either a tumor cell antigen or better by a conventional
anti-tumor vaccine (no. 2). As a result, effector cytotoxic T lymphocytes (CTLs)
directed against cancer cells control tumor growth (no. 3).
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ural (nonimmunized) conditions (see Natural Anti-Cytokine
Abs), circulating anti-cytokine autoAbs seem to play a negligible
role in the regulation of cytokine overproduction. However,
vaccination may induce higher levels of long-lasting circulating
Abs that, under pathophysiologic conditions consisting of an
ectopic accumulation of cytokines in the extracellular compart-
ment, could effectively bind the corresponding cytokine and
counteract the pathogenic effects of its overproduction or tran-
siently hamper the composite reaction it induces.

Inhibition by Anti-Cytokine Abs of the Pathogenic Effects of Accumu-
lated Cytokine Released from Cells Deprived of Negative Feedback
Regulation. When homeostatic negative regulation is impaired or
absent, the cytokine may be produced continuously and released
locally, as if its tap remained open. The ‘‘f lood’’ resulting from
this overproduction and the accumulation of the cytokine in the
ECM compartment may trigger inappropriate stimulation of
nearby immune or endothelial stromal cells, resulting in local
pathophysiologic changes in the concerned tissue or tumor as
depicted for cancer cells secreting IL-10 (39) or TGF-b (refs.
34–36; Fig. 2 A). In this instance, high titers of specific anti-
cytokine Abs induced by effective immunization (see Safe and
Effective Anti-Cytokine Therapeutic Vaccination) should neutral-
ize dysregulated cytokine overproduction locally and inhibit its
pathogenic effects (Fig. 2B).

Transient Inhibition by Specific Abs of a Cytokine Process Occurring in
Pathologic Tissues Containing Accumulated Extracellular Lymph. Mi-
crobial infection of a tissue may trigger an immune reaction
characterized first by a local inflammation leading to a flooding
of body fluid (lymph) and its accumulation in the extracellular
compartment (edema), followed by a specific immune response.
Both processes depend on cytokines and the reactions these
signals induce (3). After passive anti-cytokine Ab administra-
tion, the lymph accumulated locally in the ECM as a result of
inflammation is likely to represent a permanent source that
continuously supplies high-affinity Abs. These Abs are capable
of binding to and removing the cytokine, thus inhibiting the
cytokine process that involves the target-cell response and its
subsequent negative feedback. The studies of Hondowicz et al.
(6, 58) and of Constantinescu et al. (59) on mice infected with L.
major support these concepts.

C3H mice infected in the footpad with L. major resolve their
lesions by induction of a TH1 immune response. The specific
TH1 response resulted from the cytokine process triggered on
antigen-activated CD4 targets by the release of IL-12 from
natural killer cells. By contrast, infected BALByc mice, which
display a TH2 response to L. major (see Cytokine Process:
Cytokine Production, Effects, and Regulation; Step 2: Cytokine–
Receptor (C–R) Binding and Target-Cell Response), fail to heal
and ultimately succumb to infection after a few weeks (6, 58,
59). When massive administration of high-affinity anti-IL-12
Abs were administered repeatedly for 3 weeks to infected C3H
mice, the inf lammatory process increased because of the
absence of a TH1 response and the footpad lesion developed,
whereas in infected BALByc mice, the IL-12-induced reaction
in antigen-activated CD4 targets leading to a TH1-effective
response could not occur for genetic reasons (6). In Ab-treated
C3H mice, the IL-12-triggered process was blocked as long as
massive anti-IL-12 Abs of high affinity (as a result of repeated
administration) were loading the lymphatic f luid and inter-
fered locally with the binding of IL-12 to its specific receptors
on CD4 cell targets. However, after interruption of anti-IL-12
Ab injections, the mice immune reaction switched from a TH2
to TH1 response with IFN-g production (59), and the footpad
lesion healed and resistance to L. major occurred albeit with
delay.

These experiments showed that lymph Abs directed against a

given cytokine transiently interfere with the cytokine reaction
under a specific histopathologic microenvironment, namely one
with accumulated lymph. Here, the lymph acts as a reservoir to
deliver continuously free Abs that entrap, crossreact with, and
remove the released cytokine. In contrast, under physiologic
conditions, lymph Abs rapidly convert into immune complexes
but are renewed only negligibly (see Reasons for the Negligible
Effects of Anti-Cytokine Abs on Cytokine Processes Under Physi-
ologic Conditions) and do not interfere with cytokine processes,
as observed experimentally for anti-Il-1 mice (22) and for
anti-EGF-immunized rats (21, 60).

Of interest, anti-EGF- (60) and anti-nerve growth factor
(NGF; refs. 61 and 62)-immunized female rats were mated with
nonimmunized males. Although immunized mothers remained
healthy, the offspring exhibited teratogenic tissue lesions (60–
62). Thus, in developing offspring of anti-NGF-immunized
female rats, maternal Abs of high affinity could neutralize NGFs
acting on immature neurons (63) and hamper nerve tissue
development (62).

Safe and Effective Anti-Cytokine Therapeutic Vaccination
Vaccination Objectives. The objective of an anti-cytokine thera-
peutic vaccine is to raise Ab levels over the background levels of
natural Abs while enhancing their affinity and neutralizing
activity. Thus, in altered tissue or in a tumor, neutralizing Abs
may block the accumulation of an overproduced cytokine,
thereby inhibiting its pathogenic effects. An anti-cytokine T cell
response is neither required nor likely beneficial for this purpose,
and it is not expected because in contrast to still-existing
anti-cytokine B cells, T cells have undergone a thymic-negative
clonal selection against self-cytokines.

Vaccination Procedures. To mount a high-affinity autoAb re-
sponse against self cytokines in patients, two immunizing
procedures are currently available to break immunological
tolerance (22). The first procedure can be applied to subjects
exhibiting B cell polyclonal activation, as is the case of patients
infected with HIV. B cell polyclonal activation also can be
achieved experimentally after (bacterial) lipopolysaccharide
(LPS) treatment (5). The vaccine consists of an inactivated but
immunogenic cytokine. Absence of toxicity may be obtained
by various cytokine-inactivation procedures such as the chem-
ical formaldehyde treatment similar to that used for converting
bacterial toxins into toxoids (64). These treatments have the
advantage of stabilizing the antigen. An example is the for-
malinated human IFN-a vaccine that has been used safely in
patients infected with HIV-1 (65–67). In the second proce-
dure, the nontoxic immunogenic cytokine is coupled chemi-
cally to a foreign TH protein such as tetanus toxoid, purified
protein derivative (PPD), or keyhole limpet hemocyanin
(KLH), to promote the T-dependent B cell response. This
procedure has been applied successfully to the preparations of
anti-TNF-a (68, 69), anti-IL-9 (70), anti-EGF (71), and anti-
IL-1 (22) vaccines. Taking into account the relative short lives
of the memory B cells (72) activated through either of these
two immunizing procedures, boosting 2–4 times per year may
be necessary to maintain substantial high-affinity Ab levels
(66, 67).

Animal Experimentation. Over the last decade, anti-cytokine
vaccinations (both passive and active) have been performed to
combat different pathogenic disorders originating from cyto-
kine dysregulation (Table 1 Animal experimentation). Al-
though massive doses of specific Abs (mg) have been admin-
istered, in one inoculation no complications related to
inhibition of the corresponding cytokine process have been
reported, and disease improvement was observed generally. As
an example, Sadick et al. (73) succeeded in curing L. major with
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passive administration of anti-IL-4 mAbs to sensitive mice.
Also, active immunization with an anti-IL-9 vaccine eliciting
high titer of specific Abs proved to be safe and effective in
preventing worm expulsion and blood eosinophilia in Trichuris
muris-infected mice (70).

Human Trials. Passive and active vaccinations also have been
performed in humans (Table 1 Clinical trials). Passive immuni-
zation used human Abs or humanized mAbs for treatment of
allergy (76), cancers (77, 78), rheumatoid arthritis, and autoim-
mune diseases including psoriasis and Crohn’s disease (78). Here
again, massive doses of Abs in the range of milligrams were
administered repeatedly without undesirable reactions and were
shown to be beneficial. A limitation of passive immunization is
the possibility of production of anti-anti-cytokine Abs as a result
of repeated injections of heterogenous Abs with risk of disease
recurrence. Further limitation may result from restricted affinity
of presently available humanized mAbs. Treatment of Castleman
disease with anti-IL-6 Abs was transiently successful, but in this
study, recurrence occurred after a few boosting injections (77).
Active immunization against anti-IFN-a (65, 66) and EGF (71)
phase I trials, respectively, carried out in subjects infected with
HIV-1 and in patients with malignant carcinomas including
colon, lung, and prostate cancer, provided evidence for compli-
ance, safety, and immunogenicity of the preparation. The im-
munogens used were formaldehyde-inactivated IFN-a and EGF
coupled to tetanus toxoid and led to a dramatic rise of specific
Abs. Further, an anti-IFN-a multicentric double-blind trial
(EuropeanyIsraeli IIyIII) was carried out in HIV-1-infected
patients with or without retroviral therapy in Italy, Belgium, and
Israel. The trial confirmed safety and immunogenicity of the
previous anti-IFN-a vaccine trials and proved to be significantly
beneficial to the vaccines compared with placebo-treated pa-
tients (67).

Conclusions
In this report, we provide rationale, feasibility, and therapeutic
use for active immunization against cytokines. We stressed that
cytokines released from homeostatically dysregulated effector
cells, accumulating in the extracellular compartment of an
abnormal tissue or a tumor, can be neutralized by specific Abs
and their pathogenic effects can be counteracted. These basic
considerations are supported by animal and human vaccine trials
that trigger anti-cytokine B but not T cell memory response, thus

exhibiting high Ab titers over a limited period [around 12 weeks
(72)]. Vaccine effects being transient, boosting injections have to
be repeated. Anti-cytokine vaccinations seemed to be safe,
devoid of side effects in normal tissues, and effective, as long as
high Ab levels were maintained. These data together with the
lack of problems in patient compliance (66, 67) prompt their
extended use in human trials to combat cytokine-induced im-
munopathogenesis. Anti-cytokine vaccines, however, are con-
traindicated in pregnant women because of a risk of teratogenic
lesions in the offspring (60–62).

Current vaccines have shown limitations in their use for
diseases such as AIDS (65–67), allergies (76), and cancer (71,
78). In these diseases, investigators have targeted exclusively the
antigenic aggressor, be it a microbe, a cell, or an allergen, but not
the cytokine immune dysregulation that the aggressor triggers.
We think that the cytokine dysregulation contributes to the
impairment of the vaccine immune reaction. In particular,
current cancer vaccines do not combat immunosuppression
surrounding cancer cells in malignant tumors; AIDS vaccines do
not as yet counter the HIV-1-induced cellular immunosuppres-
sion, and specific vaccines against allergic disorders do not
control the immune dysregulation induced by the allergens. We
strategize that in all these instances, additional anti-cytokine
vaccination may allow a conventional vaccine to mount an
adequate immune reaction against the antigenic aggressor.

To have high-affinity Abs neutralizing an overproduced
cytokine in patients presenting these chronic diseases, both
vaccine and Ab therapy might be used. Given their ephemeral
effects (72), vaccines will require repeated booster injections
(2–4 per year) to be effective, whereas Ab therapy, lacking B
cell memory, may be limited by (i) the needs for massive Ab
administration at a time (which could generate transient
undesirable reactions, local and systemic); (ii) short duration
of the protective effects because of a lack of immune B cell
memory, thereby requiring frequent repetition of administra-
tion; and (iii) the use either of humanized Abs, which are
usually of low affinity, or of heterologous Abs, whose repeated
administration will likely result in an antiAb response (79).
Nevertheless, in a combined passive and active vaccination, the
initial administration of specific Abs should confer an imme-
diate helpful effect. Further, a prior passive immunization
could be used as a tool to assess whether anti-cytokine vaccine
is beneficial in the treatment of a chronic disease, including
AIDS, cancer, autoimmunity, or allergy.

Table 1. Anticytokine therapeutic vaccination

Cytokine target Vaccine procedure Preparation Therapeutic indication Refs.

Animal experimentation
EGF Active EGF in CFA Cancers 21
IL-1 Active PPD–IL-1a Inflammation 22
TNF-a Active OVA–peptide–TNF-a Murine polyarthritis 68, 69
IL-9 Active OVA–IL-9 Murine parasitasis and eosinophilia 70
IL-4 Passive Murine mAb Allergy to L. major 73
IL-12 Passive Murine mAbs Colitis 74
TGF-b Passive Monospecific rabbit Abs Immune-induced lung fibrosis 75

Clinical trials
IFN-a Active Inactivated IFN-a AIDS 65–67
EGF Active Tetanus toxoid–EGF Colon, lung, stomach, and prostate cancers 71
IL-4 Passive Humanized mAb Allergy 76
IL-6 Passive mAb Castleman disease 77
IL-8 Passive Humanized mAb Psoriasis 78
TNF-a Passive Human, humanized, chimeric mAb Rheumatoid arthritis, Crohn’s disease 78
VEGF Passive Humanized mAb Colorectal cancer 78
TGF-b2 Passive Human Ab Glaucoma 78

VEGF, vascular endothelial growth factor.
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