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1. Summary 2. Introduction 

Interleukin-6 (IL-6) is a pleiotropic cytokine previ- 
ously known as B cell stimulatory factor (BSF-2), 
interferon-/32 (IFN-/32), 26-kDa protein, and 
hepatocyte stimulating factor (HSF). The name IL-6 
was proposed when the nucleotide sequences of  the 
cDNAs for these proteins had been determined and 
the molecules were found to be identical. IL-6 
production can be induced by a wide variety of  
agents in a wide range of  cells, although IL-6 gene 
expression seems to be regulated in a tissue and 
stimulus specific manner. At least 3 different signal 
pathways regulate IL-6 gene expression, emphasiz- 
ing its multiply inducible nature. The currently 
known activities of  IL-6 include regulatory func- 
tions in hematopoiesis, immune reactions and acute 
phase responses. IL-6 appears to be a key member  
of  the IL family; however, it is still poorly under- 
stood how IL-6 interacts with other lymphokines 
within the network. The anti-viral activity of  IL-6 
seems to be negligible. Elevated IL-6 levels have been 
found in diseases like rheumatoid arthritis, multiple 
myeloma and systemic lupus erythematosus. The ab- 
normal expression and dysregulation of  IL-6 in cer- 
tain disorders may be a typical feature of  this 
cytokine, making it the first cytokine that may be 
directly related to pathogenesis. 
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The cells of  the immune system communicate via 
soluble mediators called cytokines. These can be 
subdivided into lymphokines and monokines, 
predominantly produced by lymphocytes and 
monocytes-macrophages,  respectively. The name in- 
terleukin was devised to designate 'between leuko- 
cytes'. As such, the name IL-1, for example, can now 
be seen as a real misnomer because it acts on a wider 
variety of  tissues than was originally realized. In 
1986 'interleukin' was given a more flexible defini- 
tion, being redefined as a biological substance 
produced by cells of  the immune system, albeit not 
exclusively, involved in inf lammatory responses [1]. 
The pr imary amino acid sequence is the ultimate 
criterion used to assign an interleukin number to a 
substance. Interleukin-6 (IL-6) is a member of  the in- 
terleukin family previously known as hybridoma 
growth factor (HGF), interferon/3-2 (IFN-/32), B-cell 
stimulatory factor (BSF-2) and hepatocyte stimulat- 
ing factor (HSF). The name IL-6 was proposed when 
the nucleotide sequences of  these proteins were de- 
termined and found to be identical [2, 3]. 

3. Hybridoma growth factor: background 

In 1980 [4] it was reported that human endothelial 
culture supernatants contained a factor with strong 
growth-promoting activity for hybridoma cells in 
vitro. This factor was even capable of  replacing feed- 
er cells [5]. In 1986 an assay was developed by Lans- 
dorp et al. [6] for what was then called 'hybridom a 
growth factor '  (HGF). In this bioassay a murine 
antibody-producing B-cell hybridoma was used 
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which depended for its growth on the presence of  
H G F  [7]. Subsequently, a sensitive variant of  this 
cell line was selected [8], permitting the measure- 
ment of  H G F  production by single cells. It was 
demonstrated that monocytes were the most active 
H G F  producers. Weaker sources of  H G F  production 
turned out to be muscle cells, endothelial cells and 
cultured fibroblasts. It was found that H G F  was a 
protein of  21 kDa and 25 kDa [7]. 

4. Interferon 8-2: background 

Interferons (IFNs) are proteins which possess an- 
tiviral activity. H u m a n  IFNs are subclassified as o~, 
/3 or % based on neutralization by specific antisera. 
Induced (especially induced by double-stranded 
poly(I)poly(C)RNA) human fibroblasts are known 
to be potent IFN producers. The major  part  of  this 
IFN is a 20-kDa glycoprotein called IFN-B1 [9, 10]. 
In 1980 it was reported that human fibroblasts actu- 
ally contain two IFN mRNAs. These two mRNAs 
have different sizes and translation products, and are 
not able to cross-hybridize [11]. Seghal et al. [12] suc- 
ceeded in separating the two mRNAs. The 'new' 
m R N A  (14S) appeared to code for a larger protein 
of  23 - 26 kDa. It was called 26-kDa protein by some 
investigators [13, 14] and IFN-f32 by others. After 
microinjection of either species of  m R N A  into oo- 
cytes, fully biologically active human IFN-/~ was 
synthesized. It was found that the IFN-/g2/26-kDa 
gene, unlike the other IFN genes, was located on 
chromosome 7 [15, 16]. Furthermore, the gene struc- 
ture was very different. The IFN-c~, IFN-/31 and IFN- 
~, are genes without introns, while IFN-132 contains 
at least three introns [17, 18]. The overall homology 
between IFN-/31 and IFN-/32 is poor  [19], indicating 
that the latter is a distinct species. 

5. B-cell stimulatory factor 2 (BSF-2/BCDF): back- 
ground 

In 1971 there was already speculation that soluble 
factors might be involved in the activation of  B cells 
into Ig-secreting cells [20]. In rabbit B cells it was 
shown [21] that  this activation could be achieved via 
stimulation by anti-Ig and T cell-derived helper fac- 
tors. Several other investigators [22-24]  confirmed 
this observation in murine and human B cells. When 
somatic cell hybridization techniques made it possi- 
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ble to immortalize and clone T cells, the factors in- 
volved in B cell maturat ion could be obtained [25]. 
One of these factors (BCDF) was purified [26] and 
was found to induce Ig secretion in Epstein-Barr vi- 
rus transformed cell lines. It was able to induce Ig 
production in activated B cells without any effect on 
cell growth [27]. At this time it was proposed that 
BCDF should be designated BSF-2. The same inves- 
tigators who purified BCDF, determined the partial 
amino acid sequence of NHz-terminal BCDF [28]. 
Hirano et al. [29] reported the molecular cloning, 
structural analysis and functional expression of the 
cDNA encoding BSF-2. They concluded that mature 
BSF-2 consisted of  184 amino acids and had a 
molecular mass of  20 kDa. 

6. Hepatocyte stimulating factor: background 

Acute inf lammation is seen within a few hours af- 
ter tissue damage or infection. The classic features 
of  this reaction are heat, swelling, pain and loss of  
function. These signs are directly caused by altera- 
tions in the local vascular permeability. It is also 
caused by a series of  metabolic reactions like fever, 
leukocytosis, increased muscle proteolysis, altera- 
tions in carbohydrate, lipid and trace mineral metab- 
olism and changes in liver-derived plasma protein 
concentrations [30, 31]. The acute reactions after 
t rauma can be subdivided into non-hepatic and 
hepatic acute phase reactions. The hepatic part  is 
almost completely regulated by HSF, originally 
described as fibrinogen stimulating factor [32]. 
Separation of  the HSF activity, released by activated 
monocytes and macrophages, could be achieved by 
column and gel chromatographic procedures and 
was found to reside in the 2 5 - 3 0  kDa protein 
fraction. 

7. Genetics of IL-6 

Three separate marker systems, MspI, BglI and 
BstNI have been developed for the IL-6 gene [33]. 
MspI defines a three-allele system (8.0, 7.5 or 
4.0/2.5 kb) and BglI a two-allele system (7.6 and 
5.7 kb). Both polymorphisms are likely to be due to 
base-pair substitutions. The polymorphism of 
BstNI is due to DNA insertions of  variable length. 
These insertions resulted in at least 4 different al- 
leles, which can be detected by 10 different enzymes. 



The frequencies for all 3 systems have been analyzed 
and were found to differ in 6 human populations 
[34]. IL-6 has a highly polymorphic locus because all 
three sets of  alleles occur in a variety of  combina- 
tions. In situ hybridization experiments have as- 
signed IL-6 to chromosome 7 p21-p15 [35]. Linkage 
studies between IL-6 and 27 other chromosome 7 
markers place this gene between D7S135 and 
D7S370 at chromosome 7 p22-21 [33]. Combination 
of  these results leads to the exact localization of  the 
IL-6 gene: chromosome 7p21. Comparing the 
genomic sequence with the complementary DNA se- 
quence it was found that the IL-6 gene consists of  
5 exons and 4 introns. The gene organization of  IL-6 
is very similar to G-CSF, suggesting that these genes 
might have evolved from a common ancestor [36]. 
A characteristic feature of  the mature IL-6 is its het- 
erogeneity. All the known IL-6 producers have 
shown to produce multiple isoforms, caused by post- 
translational and post-secretory modifications [37]. 
At this moment it is not sure whether these different 
modifications of  IL-6 affect its properties. 

8. Regulation of 11.-6 gene expression 

Many extracellular signals are able to activate a 
signal transduction pathway. Cyclic AMP and Ca 2÷ 
are the commonly used intracellular mediators of  
these pathways. Their concentrations can increase 
and decrease rapidly in response to extracellular sig- 
nals because free Ca 2+ and cyclic AMP is continu- 
ously removed. Rising cyclic AMP levels affect cells 
by stimulating cyclic AMP-dependent protein 
kinases. Increased free Ca 2÷ levels affect cells by al- 
tering the conformation of  calmodulin, which in 
turn activates Ca 2+-dependent protein kinases. An- 
other important signal transduction pathway is the 
protein kinase c pathway. Shegal et al. [38] inves- 
tigated which pathway is involved in the expression 
of  the IL-6 gene in human fibroblasts. It was found 
that protein kinase c-activating or Ca2÷-elevating 
agents are able to increase the expression of  the IL-6 
gene and that the effect of  the two together was at 
least additive. These observations were confirmed by 
Ray et al. [39] who further demonstrated that rea- 
gents that stimulate the cAMP-dependent pathways 
are able to activate the IL-6 gene. Zhang et al. [40] 
showed that the role for the cAMP-dependent path- 
way is independent of the protein kinase c-controlled 

pathway. 
Molecular studies [39, 41-43] revealed several 

potential transcriptional control elements in the re- 
gion between - 225 and - 111. It was shown that the 
three pathways discussed all converge in this region. 
The nucleotide sequence of  this enhancer region is 
quite similar to the human c-fos gene. This gene can 
also be activated by the three pathways mentioned; 
the results of  some experiments show that the two 
genes even share some of  the transcription factors 
that regulate their expression. The fact that various 
signal transduction pathways are able to turn on the 
IL-6 expression underlines the multiply inducible 
nature of  the gene. Investigation of  which pathway 
is activated in response to a particular stimulus in a 
given cell has recently started. The preliminary data 
support the view that still unidentified signal trans- 
duction mechanisms also play a role. 

9. The variety of 11.-6 inducers and producers 

Many observations taken together validate the 

TABLE 1 

Physiological IL-6 stimuli. 

References 

Cytokines IL- 1 44 - 46 
IL-2 50 
TNF 41, 46 
PDGF 41, 48 
Interferons 41, 48 
Lymphotoxin 47, 48 

Bacterial products 

Growth factors 

LPS 47 

EGF 39 
G-M-CSF 51 
CSF-1 51 

Trauma Thermal injury 52 
Surgical injury 53 

Viruses DNA-containing types 48, 56 
RNA-containing types 48, 49 

Other Prostaglandin El 40 
T cell mitogens 38 

TNF, tumor necrosis factor; PDGF, platelet-derived growth fac- 
tor; LPS, lipopolysaccharide; EGF, epidermal growth factor; G- 

M-CSF, granulocyte-macrophage colony stimulating factor. 



general idea that IL-6 gene expression can be in- 
duced by a wide variety of  stimuli (Table 1). Research 
in order to reveal the molecular mechanisms in- 
volved showed that second messenger agonists are 
also able to induce IL-6 gene expression. These and 
other non-physiological stimuli are summarized in 
Table 2. 

The cell types that can be activated to produce IL- 
6 are distributed throughout the body (Table 3). The 
significance of  this fact is probably that IL-6 has a 
role in local situations in the body besides its major 
systemic effect as HSE Despite the wide variety of  
inducers and producers, there seems to be a tissue- 
specific and stimulus-specific regulation. For exam- 
ple, IL-1 is able to induce IL-6 production in fibro- 
blasts and endometrial stromal cells, but not in 
peripheral blood monocytes. Monocytes, fibro- 
blasts, keratinocytes and endothelial cells are acti- 
vated by bacterial lipopolysaccharide to produce IL- 
6, in contrast to endometrial stromal cells. In addi- 
tion, it is noteworthy that the different types of  cells 
do not all produce the same amount  of  IL-6. Mono- 
cytes are potent producers of IL-6, while peripheral 

TABLE 2 

Non-physiological IL-6 stimuli. 

References 

Protein kinase c activators diC8 38, 39 
OAG 40 
TPA 40 
PMA 38, 39 

Ca 2+ elevating agents 

cAMP agonists 

Other 

A23187 38, 39 

dbcAMP 39, 40 
Forskolin 39, 46 
3-1sobutyl 

methylxanthine 39, 40 
Cholera toxin 40 

Poly(1)poly(C) 45 
Cycloheximine 45, 54 
Actinomycin D 45, 54 
Serum (bovine) 38-40  
Anti-C3 antibody 55 

diC8, 1,2-dioctanoylglycerol; OAG, 1-oleoyl-2-acetylglycerol; 
TPA, 12-O-tetradecanoylphorbol-13-acetate; PMA, phorbol- 
12-myristate-acetate; A23187, calcium ionophore; dbcAMP, 

dibutyryl cAMP. 

TABLE 3 

Cell types that can produce IL-6. 

References 

Fibroblasts 
Epithelial cells, keratinocytes 
Endothelial cells 
Endometrial stromal cells 
Monocytes/macrophages; microglial cell lines 

Kuppfer cells 
B cells 
T cells 
Tumor cells (hematopoietic and non- 
hematopoietic) 
Hepatocytes 
Pancreatic 3 cells 

45, 
39, 
39, 
58 
39, 
60 
59 
60 
60 

40, 
61 
62 

54 
57 
44, 47 

41, 51, 

60 

blood T lymphocytes make less than 1% of the 
amount  produced by monocytes. Attempts to eluci- 
date the biochemical basis for these tissue-specific 
differences have hitherto been unsuccessful. 

I0. The IL-6 receptor 

Until 1987 no information was available about the 
IL-6 receptor. This situation was changed by the 
studies o f  Taga et al. [63]. It was reported that hu- 
man lymphoblastoid CESS ceils [63, 64] expressed 
high-affinity binding sites for IL-6. Because binding 
of  radioactive IL-6 was not competitively inhibited 
by IL-1, IL-2, IFN-3, IFN--y or G-CSF, it seemed to 
be a specific receptor. The isolation and characteri- 
zation of  the 11,-6 receptor was difficult because of  
the small number o f  IL-6 receptors on the average 
cell (100-1000 per cell). Utilizing a high-efficiency 
IL-6 receptor expression system, Yamasaki et al. [65] 
isolated the complementary D N A  of  the IL-6 recep- 
tor. The nucleotide sequence was confirmed by com- 
bining several sets o f  sequence data. The IL-6 recep- 
tor consists o f  468 amino acids and has two 
hydrophobic regions (region 1 - 2 0  and re- 
gion 359-386) .  The first region is considered to be 
a signal peptide, and the latter is presumably a trans- 
membrane domain. Comparing the IL-6 receptor 
with data from the National Biomedical Research 
Foundation database and Genetic Sequence Data 
Bank homologies  were found with members o f  the 
immunoglobul in  superfamily. A domain o f  90 ami- 



no acids (between positions 20 and 110) is similar to 
a domain in the immunoglobulin superfamily. Un- 
like some other growth factors, the IL-6 receptor has 
no tyrosine kinase domain, indicating a different sig- 
nal transduction pathway. 

11. Biological activities 

IL-6 is able to act in a number of ways, such as hav- 
ing direct effects, mediating the effects of other 
cytokines, interacting with glucocorticoids and hav- 
ing co-agonistic or antagonistic effects with other 
cytokines (Table 4). 

It is a true pleiotropic cytokine with action in 
many cellular systems. The molecule appears to be 

involved in coordinating functions during 
hematopoiesis, immune regulation and the acute 
phase response. For example, IL-6 controls the 
growth or proliferation of  early progenitor cells in 
primary lymphoid organs and sustains antibody 
production. Moreover, the production of IL-6 in re- 
sponse to inducers like viruses and bacteria indicates 
a central role in host defense mechanisms. 

In a recent article by Revel et al. [84] it was suggest- 
ed that IL-6 may also have several antitumor activi- 
ties, including inhibition of cancer cell growth, 
differentiation of malignant cells to more normal 
phenotypes and the stimulation of complement syn- 
thesis. Since it was reported [85] that IL-6, tumor 
necrosis factor (TNF) and I L l  genes are transcribed 

TABLE 4 

Biological effects of IL-6. 

Effect Ref. 

Direct effects 
Hematopoiesis Granulocyte-macrophage colony formation 

Stimulation of erythropoiesis 
Differentiation of leukemia cells into macrophage-like cells 
Triggering of quiescent stem cells 

Immune system B-cell differentiation into antibody-producing cells 
Growth factor for EBV-transformed B cells 
Proliferation of hybridoma cell lines 
IL-2 expression of activated thymocytes 
MHC antigen expression 
Activation of NK cells 

Neural system Nerve growth factor-like activity 

Acute phase responses Induction of acute phase proteins 
Inhibition of PEPCK activity 
Induction of fever 
ACTH release 
Increased uptake of non-metabolizable amino acids by hepatocytes 

Cnagonistic effects (with other cytokines and glucocorticoids) 
IL-6 and IL-6 Second signal for IL-2 expression on CD4 cells 

T-cell activation 
Growth of thymocytes (with IL-2) 
Induction of certain acute phase proteins 

IL-6 and IL-2 Development of cytotoxic cells from immature T cells (with IFNs) 

IL-6 and IL-3 Proliferation of pluripotent hemopoietic progenitors 

IL-6 and glucocorticoids Induction of certain acute phase proteins 

66 
68 
69 
66 

29 
27 
43 
73 
59 
75 

76 

39, 
80 
81 
82 
83 

70 
71 
72, 
39, 

66, 

67 

39 

77 

73 
78, 79 

74 



at high levels in the organs of  normal individuals, it 
became clear that these cytokines were able to func- 
tion as endogenous regulators. At present it is still 
not understood how IL-6 interacts with other mem- 
bers of the cytokine network although it appears to 
be a key member of this network. 

12. Does IL-6 exhibit antiviral activity? 

It was reported by Revel et al. [17, 19] that IFN-/32 
genes, when transfected into Chinese Hamster 
Ovary (CHO) cell clones, produce antivirally active 
human IFN after induction. The highest specific ac- 
tivity obtained, is less than 1°70 of  what is found for 
IFN-/31 or for most IFN-as and can be neutralized 
using IFN-~ antiserum. On the other hand it was 
shown [27] that natural purified BSF-2 did not show 
=ny IFN activity. A later article [86] reported that Es- 
cherichia co//-derived recombinant BSF-2 did not 
display any detectable antiviral activity, and that it 
was not possible to neutralize the immunoglobulin- 
inducing activity of BSF-2 with anti-IFNI3. Im- 
munoblots of the IFN-/32 (CHO-derived) revealed 
two IL-6 bands, 66 and 23 kDa, the 26-kDa form be- 
ing absent [84]. In a general discussion [87] it was 
concluded by several groups (Sehgal, Revel) that the 
2 3 -  30 kDa IL-6 forms have no antiviral activity in 
contrast to the 66-kDa protein. However, this an- 
tiviral activity should not be considered physiologi- 
cally important. 

13. Dysregulation of IL-6 production 

Clinical studies have shown that IL-6 is a cytokine 
participating in many pathological processes. Dys- 
regulation of  I ~ 6  production seems to play a crucial 
role in several diseases, such as autoimmune dis- 
eases, lymphoid malignancies and carcinomas. 

13.1. Rheumatoid arthritis 

Rheumatoid arthritis is a chronic autoimmune 
disorder that is mainly expressed in the joints, but 
which also has multiple systemic manifestations. In 
the synovial fluid from patients with rheumatoid ar- 
thritis, IL-1 [88] and TNF [89] have been demon- 
strated. These cytokines may be involved in the 
pathogenesis of joint destruction because their bio- 
logical activities have been demonstrated to relate 

with the destruction of  bone [90]. IL-6 is spontane- 
ously produced by synoviocytes in vitro and its syn- 
thesis can be up-regulated by TNF and IL-1 [91]. Var- 
ious reports [92-94] have shown that the levels of 
IL-6 were considerably elevated (more than 1000- 
fold) in the synovial fluid of rheumatoid patients, 
whereas there was little IL-6 activity in the serum. 
This indicates that IL-6 is produced locally in the in- 
flamed joint and diffuses into the circulation. A 
most remarkable finding was that there appeared to 
be an association between IL-6 levels and disease ac- 
tivity [93, 94]. Increased IL-6 production has been 
found not only in rheumatoid synovium, but also in 
other types of  inflammatory synovitis [93]. 

13.2. Multiple myeloma 

Multiple myeloma is a disease in which there is a 
malignant transformation in a single antibody- 
producing cell which leads to a high immunoglobu- 
lin concentration in the serum. Knowing that IL-6 is 
a potent growth factor for myeloma cells [5], it was 
suggested that expression of IL-6 or its receptor 
could be responsible for the oncogenesis of  multiple 
myeloma. Indeed, it was found that an autocrine IL- 
6 loop was required for the generation of human 
myelomas [95]. Recently, it has been demonstrated 
[60] that the IL-6 responsiveness of  myeloma cells in 
vitro is directly correlated with in vivo myeloma cell 
proliferation and disease severity. 

13.3. Acute infectious neural diseases 

Analysis of IL-6 activity in a wide scala of  neural 
diseases revealed elevated IL-6 levels in the 
cerebrospinal fluid (CSF) of patients with acute in- 
fections (viral meningitis, bacterial meningitis, 
tuberculous meningitis, herpes simplex encephali- 
tis). These elevated IL-6 levels were not found in 
chronic or non-infectious neural diseases. 

13.4. Trauma 

Severely burned patients display a systemic in- 
f lammatory reaction, called the acute phase re- 
sponse. In such patients it was found that within 
hours after injury, IL-6 had risen to up to 100 times 
the normal level [52], suggesting a causal role for IL- 
6 in this reaction. Also, surgical trauma has been 



found to be associated with high levels of  IL-6 activi- 
ty, reaching peak levels two days after the operation 
[53, 96]. 

13.5. AIDS 

One of the immunological abnormalities seen in 
AIDS patients is polyclonal B-cell activation leading 
to hypergammaglobulinemia.  Because IL-6 plays an 
essential role in the differentiation of  activated B 
cells into antibody-producing cells, the effect of  HIV 
on the IL-6 induction was studied [49]. Indeed, it was 
found that HIV induces overproduction of  IL-6. 

13.6. Systemic lupus erythematosus (SLE) 

Systemic lupus erythematosus (SLE) is a chronic 
inf lammatory disease, involving almost any organ 
system. One of  its major  immunological features is 
B cell hyperactivity. SLE B ceils showed spontaneous 
activation by in vitro culture without any stimula- 
tion. In order to reveal the underlying mechanism(s) 
of  this phenomenon,  several groups studied the lym- 
phokine production by B cells in patients with SLE. 
Tanaka et al. [97] described that lymphokines, in- 
cluding IL-lc~, IL-4 and IL-6, were spontaneously 
produced by SLE B cells. These interleukins interact 
as an autocrine mechanism to induce the hyperac- 
tivity of  SLE B cells. 

13.7. Cardiac myxoma 

Cardiac myxoma can be considered as an 
autoimmune-like syndrome. It is a benign intra- 
atrial heart tumor  frequently associated with 
autoimmune-like symptoms, including autoanti- 
body production [28]. These clinical abnormalities 
usually disappear after surgical removal of  the 
tumor. In vitro studies with cardiac myxoma cells 
demonstrated that these cells spontaneously pro- 
duce I b 6 ,  suggesting that this interleukin may be 
responsible for the clinical symptoms. However, a re- 
cent article [98] reported that IL-6 serum levels also 
were elevated in animals bearing a variety of  tumors 
(sarcomas, melanomas and adenocarcinomas). IL- 
6, detected as a consequence of  the tumor-bearing 
state, may therefore be an indicator of  the host 
responses to malignancy [84]. 

13.8. Transplantation 

Apart  from being involved in the pathogenesis of  
certain diseases, IL-6 seems to be involved in the 
acute rejection of  a transplant. Van Oers et al. [53] 
demonstrated elevated serum and urine levels direct- 
ly after renal transplantation (surgical trauma) and 
during acute rejection episodes. It was suggested 
that IL-6 measurements might be useful in monitor- 
ing of early rejection in renal transplant patients. 

14. Concluding remarks 

IL-6 seems to be one of the most pleiotropic 
cytokines yet discovered. It has the capacity to cause 
clinical abnormalities, directly or indirectly, by non- 
physiological overproduction during the course of  
several diseases. Although only the contribution of 
IL-6 is discussed in this minireview, it is clear that the 
full clinical manifestations of  these diseases are like- 
ly to be the result of  several cytokines acting in con- 
cert. Furthermore, a defect in IL-6 production, 
either alone or in combination with other cytokines, 
appears to lead to the development of  various dis- 
eases, usually via a dysregulated autocrine mecha- 
nism. I f  the exact role of  IL-6 in the pathogenesis of  
the above-mentioned diseases can be unraveled, a 
role for anti-IL-6 therapy (anti-IL-6 antibodies, anti- 
IL-6 receptor antibodies, IL-6 antagonists or I1_,-6 
linked to a toxin) for these diseases can be envisaged. 
In addition, in the near future it may become appar- 
ent whether some of  these diseases are related to the 
genetic polymorphism of  IL-6. 
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