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sIL-6R: more than an agonist?

Heike Knüpfer and Rainer Preiss

On target cells, interleukin-6 (IL-6) interacts with its receptor complex consisting of the membrane-bound IL-6 receptor (IL-6R)

and the signal transducing protein gp130. IL-6R can exist as a soluble protein (sIL-6R), which binds the ligand IL-6. This

soluble complex can bind to gp130 on cells that lack the membrane-bound IL-6R and initiate signaling. This process is named

transsignaling. The significance of transsignaling via sIL-6R is underlined by different publications and exceeds very probably

the significance of the membrane-bound IL-6R. It is the general assumption that sIL-6R acts as an agonist in combination with

IL-6 resulting in an enhancement of the IL-6 effects. In this article, we suppose ‘non-agonistic’ properties. There are several

publications that give reasons to speculate that sIL-6R (a) has IL-6-antagonistic effects, (b) has orphan properties and (c)

interacts with yet unknown binding partners different from IL-6. Knowledge about additional properties of sIL-6R will enlarge

the biologic understanding of this molecule and might give an explanation for the sometimes contrasting effects of the

cytokine IL-6.
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PREREQUISITE FOR IL-6 SIGNALING

In order that interleukin-6 (IL-6) signaling is possible, different
receptors are required. On target cells, IL-6 first binds to the IL-6
receptor (IL-6R). In order that signaling may take place a second
subunit is required. The complex of IL-6 and IL-6R associates with the
signal-transducing membrane protein gp130, inducing its dimeriza-
tion and initiation of signaling.1 It does not bind IL-6 by itself.
Dimerization of gp130 is followed by the rapid activation of tyrosine
kinases of the Janus kinase (Jak) family and subsequent activation
of transcription factors of the STAT family, STAT3 and STAT1.2,3

STAT factors play important roles in transcriptional regulation of
genes containing STAT-specific binding sites. Gp130 is expressed by
all cells in the body, whereas IL-6R is mainly expressed by hepatocytes,
neutrophils, monocytes/macrophages and some lymphocytes. Besides
the membrane-bound IL-6R, a naturally occurring soluble form of
the IL-6R (sIL-6R) is generated by two independent mechanisms,
limited proteolysis of the membrane protein and translation from
an alternatively spliced mRNA.4–9 Interestingly, the sIL-6R together
with IL-6 stimulates cells that only express gp130,10–12 a process
named transsignaling. This process implicates that cells which were
originally unresponsive to IL-6 (because of the lack of membrane-
bound IL-6R) become now responsive via the soluble sIL-6R/IL-6
complex. Embryonic stem cells,13,14 early hematopoietic progenitor
cells,15 colon cancer cells in transgenic mice,16 many neural cells,17

smooth muscle cells18 and endothelial cells19 are responsive to IL-6
only in the presence of sIL-6R. The IL-6 transsignaling is depicted
in Figure 1.

SIGNIFICANCE OF TRANSSIGNALING VIA SIL-6R

The full impact of IL-6 transsignaling has begun to be appreciated
within the past few years. The importance of sIL-6R, using a
mathematical model, is underlined by the fact that about 70% of
the circulating IL-6 forms a complex with the sIL-6R in the blood and
binds directly to membrane gp130.20 The other 30% is supposed to
have only a transient existence in the blood, or binds to the
membrane-bound receptor (IL-6R).20,21 The study of Peters et al.22

clearly show in transgenic mice that sIL-6R functions as a carrier
protein for its ligand, thereby markedly prolonging the plasma half-life
of IL-6 indicating that IL-6 signaling is increased by sIL-6R. The
significance of the soluble IL-6 receptor is further underlined by a
study done by Vermes et al.23 analyzing human osteoblasts. They
found the cells to express cell surface IL-6R but the membrane-bound
IL-6R was unable to transmit IL-6-induced signals (tyrosine phos-
phorylation of gp130 is an essential step in the IL-6-induced signaling
mechanism) until it is shed into its soluble form sIL-6R. The results of
Modur et al.24 show that for the IL-6 signaling process the limiting
factor is the soluble IL-6R, not the cytokine IL-6. Endothelial cell
activation depended on the concentration of sIL-6R. The study of
Becker et al.16 using a colon tumor mice model show that IL-6 signal
transduction was mediated by the soluble rather than the membrane-
bound IL-6R, indicating that tumor growth is controlled by IL-6
transsignaling via the soluble form of the IL-6R. Concerning acute
inflammation, Hurst et al.25 could show that sIL-6R-mediated signal-
ing is an important intermediary in the resolution of inflammation
and supports the transition between the early predominantly neutro-

Received 22 February 2007; revised 19 July 2007; accepted 24 July 2007; published online 28 August 2007

Institute of Clinical Pharmacology, University of Leipzig, Härtelstrasse 16-18, Leipzig, Germany
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philic stage of an infection and the more sustained mononuclear cell
influx. Furthermore, they provide evidence that the biological activities
of sIL-6R serve as a potential explanation for the apparent paradox of
IL-6 being able to act as both a pro- and anti-inflammatory mediator.
In chronic intestinal inflammation blockade of the IL-6 transsignaling
caused T-cell apoptosis, indicating that the IL-6–sIL-6R system med-
iates the resistance of T cells to apoptosis in Crohn’s disease.26

AGONISTIC AND ‘NON-AGONISTIC’ PROPERTIES OF SIL-6R

On the one hand, it is well known and a general assumption that sIL-
6R is agonistic with IL-6, indicating an enhanced sensitivity of cells to
IL-6. On the other hand, there are hints indicating that sIL-6R also
possesses ‘non-agonistic’ properties, for example antagonistic proper-
ties against IL-6. Furthermore, there are some interesting publications
dealing with a relatively new assumption that sIL-6R alone (without
combination with IL-6) induces effects on different cells indicating an
‘orphan’ property of sIL-6R. Last but not least one can speculate that
sIL-6R interacts with yet unknown binding partners, which have to be
identified.

Agonistic properties of sIL-6R
Activation of STAT3 is one of the essential steps in the IL-6 signaling
pathway.27,28 Nakanishi et al.29 could show using the pleomorphic
malignant fibrous histiocytoma cell line MIPS-2 that the treatment of
the cells with a combination of IL-6 (100 ng/ml) and sIL-6R (100 ng/
ml) robustly increased the phosphorylation level of STAT3 in a time-
dependent manner with a peak at 30 min. The conditioned medium

from MIPS-2 cells (containing IL-6) and sIL-6R, or the treatment with
IL-6 alone also induced phosphorylation of STAT3 but to a lesser
extent. Similar results were worked out for the phosphorylation level
of p44/p42 mitogen-activated protein kinase. Furthermore, both IL-6
and sIL-6R demonstrated the growth inhibitory effects on prolifera-
tion in a dose-dependent manner. The effect of sIL-6R was less
pronounced but enhanced by the addition of IL-6. They also showed
a diminished invasiveness of MIPS-2 cells using an in vitro Matrigel
invasion assay with sIL-6R, and again a further decreased invasiveness
when the combination of IL-6/sIL-6R was added. These results
support the accepted hypothesis that sIL-6R acts agonistically with
IL-6. The study of Sundelin et al.30 analyzed the effects of different
cytokines (among others IL-6 and sIL-6R) on matrix metalloprotei-
nase-1 and -9 in two oral squamous-cell carcinoma cell lines. Matrix
metalloproteinases play an important role in enhanced intratumoral
proteolytic activity, promoting angiogenesis and invasion by acting on
extracellular matrix substances. The authors showed a moderate
stimulatory effect on matrix metalloproteinase-1 secretion in both
cell lines for IL-6, whereas sIL-6R had no effect. When these cytokines
were added together, a dose-dependent, synergistic stimulatory effect
was observed. Another study, done by Franchimont et al.31 tested the
relevance of IL-6 and sIL-6R in regard to collagenase 3 production in
osteoblast-enriched cells from fetal rat calvariae. IL-6 caused a small
increase in collagenase mRNA levels, but in the presence of
IL-6 soluble receptor, IL-6 caused a marked increase in collagenase
transcripts after 2–24 h. In addition, sIL-6R increased collagenase
mRNA when tested alone indicating both molecules to be involved
in bone resorption.

Yuan et al.32 found IL-6 to suppress Fas-mediated apoptosis, an
increase in Bcl-xl expression and a prominent STAT1 tyrosine phos-
phorylation and a minimal STAT3 activation. Furthermore, they
examined whether butyrate (a short-chain fatty acid produced in
the lumen of the colon after the ingestion of fiber) might interfere
with IL-6-induced signaling events. Butyrate treatment led to the loss
of the IL-6-induced STAT1 activation. Introduction of the sIL-6R led
to a restoration of the STAT1 activation; furthermore, butyrate
treatment inhibited the antiapoptotic effects of IL-6 and led to a
loss of IL-6R (gp80) mRNA expression. sIL-6R could restore resistance
to apoptosis in butyrate-treated cells, but restoration was not complete
indicating sIL-6R to function as a resistance mechanism in these cells.
The study of Dowdall et al.33 analyzed whether sIL-6R increases tumor
cell adherence to the endothelium. In their study, treatment of colon
tumor cells with sIL-6R did not alter the degree of transmigration
across the endothelium monolayer, but it did significantly increase the
number of adhering cells indicating that sIL-6R might influence the
genesis of early metastasis.

Using a cDNA expression array the mRNA levels of about 580
human genes were tested by Holub et al.34 Comparing the effects of
IL-6 and IL-6 plus sIL-6R, they found that in the case of some genes
the presence of sIL-6R greatly enhances the effectiveness of IL-6 (fos-
related antigen). In other genes IL-6 alone has no or only slight effect;
however, if given together with sIL-6R the enhancing effects are very
high. Expression of large number of genes is modulated if the cells
were treated with sIL-6R in the presence of IL-6 (for example, the cells
had a possibility to use more IL-6R). These data suggest that presence
of soluble cytokine receptors affects actual gene expression profile of
corresponding cells and support the agonistic property of sIL-6R.

‘Non-agonistic’: antagonistic properties of sIL-6R
On the one hand, the agonistic properties of sIL-6R by enhancing IL-6
signaling are well documented. On the other hand, there are results

Figure 1 IL-6 transsignaling. By shedding or alternative splicing, the soluble

IL-6 receptor (sIL-6R) is released. sIL-6R binds the cytokine IL-6, induces

homodimerization of gp130 on target cells that lack membrane-bound IL-6R

and IL-6 signaling may take place.
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that are in opposite to this general assumption indicating also
antagonistic properties of sIL-6R.

Besides a soluble form of the IL-6R, a soluble form of gp130
(sgp130) has been detected in healthy human sera containing
390±72 ng/ml sgp130 35 with antagonistic properties. The study of
Müller-Newen et al.36 show that the antagonistic activity of sgp130 is
markedly enhanced in the presence of sIL-6R. Among others, they
investigated the antagonistic activity of sgp130 on cells expressing
membrane-bound IL-6R. These cells respond to IL-6 without the
requirement of sIL-6R. They tested HepG2 cells that respond to IL-6
with the synthesis of the acute-phase protein a1-antichymotrypsin.
sgp130 was antagonistic to the effects of IL-6. Most surprisingly, they
found out that sIL-6R increased the antagonistic effect of sgp130. They
repeated this experiment with physiologic concentrations of IL-6, sIL-
6R and sgp130 and again, an inhibitory effect of sIL-6R in the presence
of sgp130 was observed. The authors speculate that in cases in which
cells are stimulated with IL-6 alone, the cytokine first binds to the cell
surface IL-6R before it interacts with sgp130 or with membrane-
bound gp130. The IL-6/IL-6R complexes, due to their membrane
location, have to find membrane-bound gp130 only in a two-dimen-
sional space. When sIL-6R is added, IL-6/sIL-6R complexes can be
trapped by sgp130 in the soluble high-affinity ternary complexes and
are thereby efficiently neutralized before they bind to the cell surface
receptors. These results are supported and further enlarged by the
results of Jostock et al.37 They recombinantly expressed the entire
extracellular portion of sgp130 with a C-terminal hexahistidine tag as
well as with a C-terminal Fc moiety of a human IgG antibody. They
assayed the activity of sgp130 on cells that only expressed gp130 and
on cells that expressed both membrane-bound IL-6R and gp130. It
turned out that sgp130 completely abrogated the proliferation of
gp130 expressing cells, which had been stimulated with IL-6/sIL-6R
or the fusion protein Hyper-IL-6 (designer cytokine). sgp130 exclu-
sively inhibited IL-6 responses mediated by the sIL-6R without
interfering with responses via the membrane-bound IL-6R. Therefore,
the authors concluded that sgp130 selectively inhibits IL-6 transsignal-
ing without affecting classic signaling via the membrane-bound IL-6R.
In this context, sIL-6R acts antagonistically in combination with
sgp130. This paper also gives a schematic view and explanation of
the inhibitory mechanism of sgp130. The complex of IL-6 and
membrane-bound IL-6R associates with two molecules of gp130.
Due to steric hindrance, sgp130 has no access to the IL-6/IL-6R
complex associated with membrane-bound gp130. IL-6 complexed
with sIL-6R can bind to both the membrane-bound and sgp130.
Therefore, a molar excess of sgp130 leads to competitive inhibition of
the IL-6/sIL-6R response.

The studies of Igaz et al.38 also shows antagonistic activity of sIL-6R.
Addition of IL-6 resulted in an induction of junB mRNA expression
using HepG2 cells and primary rat hepatocytes. The presence of sIL-
6R markedly decreased the induction of junB mRNA expression (by
50%). Furthermore, the sIL-6 receptor significantly decreased the IL-
6-induced fibrinogen production in both cell types indicating sIL-6R
to be an antagonistic player. The authors did not analyze the
significance of the antagonistic player sgp130. Therefore, it cannot
be excluded that the antagonistic activity of sIL-6R is mediated via
sgp130.

One explanation for the antagonistic property of sIL-6R is the
interaction of sgp130 with sIL-6R. The review of Peters et al.15 offers a
further explanation how different ratios between IL-6R and gp130 on
the cell surface might result in agonistic and antagonistic properties of
the soluble IL-6R. The number of gp130 signal transducers is constant
on all cells of the body, whereas the number of IL-6R molecules

expressed on the surface of target cells may vary form one cell type to
another. Cells that do not express any IL-6R on their surface can be
stimulated only by the IL-6/sIL-6R complex and are insensitive to IL-6
alone. Cells that express fewer IL-6R molecules on their surface than
gp130 signal transducers respond toward IL-6 alone, and this response
can be enhanced by the presence of the sIL-6R. Cells that show a
balanced expression of IL-6R and gp130 on their surface respond
toward IL-6, and this response is not altered by the sIL-6R. Theore-
tically, on cells that express more IL-6R molecules than gp130
proteins, the addition of the soluble IL-6R might inhibit the IL-6
response, because the formation of inactive complexes containing only
one gp130 molecule would be favored.

‘Non-agonistic’: ‘orphan’ properties of sIL-6R
The relatively new assumption that sIL-6R itself, without IL-6, might
exert signaling on cells is supported by three studies. It could be shown
that the presence of sIL-6R induced the expression of junB 6.66-fold
relative to the control in HepG2 cells (which are known not to
produce endogenous IL-638). Another study done by Holub et al.,34

also showed surprising effects of sIL-6R on HepG2 cells. For gene
expression studies HepG2 cells (5�106) were kept in serum-free
medium for 24 h, then incubated for 2 h in the presence of medium,
100 ng/ml IL-6, sIL-6R (5ml 68 pg/ml) or sIL-6R plus IL-6 using the
same concentrations. In their macroarray approach, expression of 578
human genes was studied. Their data show that upon treatment of the
HepG2 cells with sIL-6R alone the expression of most genes are not
changing. Nevertheless, there is one gene (cAMP-response element
binding protein) which is notably upregulated, 10 others are strongly
decreased when IL-6R alone was applied. The inhibition is rather high
(70–100%), particularly for IAP3, an apoptosis inhibitor, hEGR1
(early growth response protein) and an ets transcription factor
(NER F2).

The relatively old study of Diamant et al.39 also gives reason to
speculate that sIL-6R has orphan properties. Addition of sIL-6R
resulted in a dose-dependent stimulatory effect on the proliferation
of B9 cells. This stimulatory effect could not be neutralized by the
addition of anti-IL-6 ab. The authors concluded that these results
indicate a stimulatory effect of sIL-6R by itself.

These results let speculate that sIL-6R may act as ‘orphan’ molecule
on cells without complexing with IL-6. Furthermore, the ‘orphan’
properties of sIL-6R are eventually mediated via an yet unknown
binding partner of sIL-6R which is to be identified.

‘Non-agonistic’: novel binding properties of sIL-6R
Our speculation of an eventually not yet defined reaction partner
is underlined by a study done by Su et al.40 They used a relatively
new method, termed phage peptide display library screening.
With this method they found a novel synthetic peptide, S7,
with specifically bound to soluble IL-6R. Immunofluorescence
staining revealed phage 7 binds to the plasma membrane of
C33A cervical cancer cells and other IL-6R-expressing cell lines.
Further confirmation of the specificity of S7 binding to IL-6R
was obtained by laser scan confocal microscopic observation of
C33A cells double stained with anti-IL-6R and anti-M13 antibodies.
Furthermore, S7 peptide prevents IL-6-mediated survival signaling
and sensitizes cervical cancer cells to chemotherapeutic compounds in
vitro. The analysis of antiangiogenic activity showed that S7 peptide
substantially inhibits IL-6-induced vascular endothelial growth
factor-A expression and angiogenesis in different cancer cell lines.
Furthermore, S7 peptide was bioavailable in vivo, leading to a
significant suppression of IL-6-induced vascular endothelial growth

sIL-6R: more than an agonist?
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factor-mediated cervical tumor growth in severe combined immuno-
deficient mice.

The study of Schuster et al.41 clearly demonstrates that human
ciliary neurotrophic factor can use both the membrane bound and the
soluble human IL-6R as a substitute for its cognate a-receptor and
thus widen the target spectrum of human ciliary neurotrophic factor.
Binding of human ciliary neurotrophic factor to the human IL-6R
takes place with an affinity roughly 50-fold lower than that of IL-6
binding to the IL-6R. An important result of this study is that human
ciliary neurotrophic factor can induce cellular responses after binding
to the soluble IL-6R.

The possibility of an unknown binding partner for sIL-6R is
indirectly supported by recent studies of Novotny-Diermayr et al.42

Their aim was to identify new binding partners of the activated gp130
and the associated Janus kinases. In their assay using the relatively new
‘yeast two-hybrid screening’ method they found LMO4, a LIM
domain-containing protein that belongs to a family of oncogenes,
mediates protein–protein interactions and is highly expressed in breast
cancer cell lines,43 to directly interact with the intracellular region of
the gp130 receptor. The effect of LMO4 in IL-6 signaling was
subsequently examined. Overexpression of LMO4 enhanced the
transcriptional activity and target gene expression of Stat 3. Consistent
with this, silencing LMO4 expression in stable cell lines expressing the
small interfering RNA of LMO4 decreased Stat3 activity. Furthermore,
the half-life of gp130 was shortened, and the production of acute
phase proteins induced by IL-6 was reduced.

CONCLUSION

It is a general assumption that sIL-6R acts agonistically in combina-
tion with IL-6 indicating an enhancement of IL-6 effects. In
this article, we summarize the literature which give reason to speculate
that sIL-6R possesses also ‘non-agonistic’ properties. Further ex-
periments are necessary to rule out the significance of the ‘non-
agonistic’ signaling in regard to the sometimes contrasting biological
effects of IL-6.
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